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_______________________________________________________________________________________ 
 
SUMMARY 
 
Northern hemisphere peatlands are substantial carbon stores. However, recent climate change and human 
impacts (e.g., drainage and atmospheric nutrient deposition) may trigger the emission of their stored carbon to 
the atmosphere. Biodiversity losses are also an important consequence of those changes. Therefore, there is a 
need to recognise these processes in space and time. Global change experiments are often conducted to improve 
our understanding of the potential responses of various ecosystems to global warming and drought. Most of 
the experiments carried out in peatlands are focused on carbon balance and nitrogen deposition. Nevertheless, 
it is still unclear how fast peatlands respond to temperature changes and water-table lowering in the continental 
climate setting. This is important because continental regions account for a significant proportion of all 
northern hemisphere peatlands. A combination of short-term and long-term approaches in a single research 
project is especially helpful because it facilitates the correct interpretation of experimental data. Here we 
describe the CLIMPEAT project - a manipulative field experiment in a Sphagnum-dominated peatland 
supported by a high-resolution multi-proxy palaeoecological study. The design of the field experiment (e.g., 
treatments), methodology and biogeographical setting are presented. We suggest it is beneficial to support field 
experiments with an investigation of past environmental changes in the studied ecosystem, as human impacts 
during the past 300 years have already caused substantial changes in ecosystem functioning which may 
condition the response in experimental studies. 
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INTRODUCTION 
 
Northern hemisphere peatlands contain about one-
third of the world’s soil carbon (C) stock in an area 
accounting for only 3–5 % of the global land surface 
(Gorham 1991, Turunen et al. 2002, Frolking & 
Roulet 2007). Sphagnum peatlands are now 
recognised as valuable pools of sequestered carbon, 
and their response to predicted climate change 
scenarios is relevant for potential feedbacks in the 
global C cycle (Belyea & Malmer 2004, Rydin & 
Jeglum 2006, Vasander & Kettunen 2006, Yu 2006). 
The key to C accumulation in peatlands is not high 
gross primary production (GPP), but low 
decomposition rates. Indeed, the highest C 
sequestration rates are observed in ombrotrophic 
bogs, which have low GPP. Therefore, high research 
priority should be given to investigating how the 
constraints on decomposition in these environments 
are sensitive to climate (Davidson et al. 2006, 
Bragazza et al. 2009). One scenario is that 
accelerated decomposition of stored organic matter 
(Gavazov et al. 2015) results in increased releases of 
greenhouse gases (GHGs) (CO2, CH4 and N2O) to the 
atmosphere (Turetsky et al. 2015, Wang et al. 2015). 
Sphagnum-dominated peatlands are primarily 
situated in boreal and subarctic areas (Katz 1975, 
Rydin & Jeglum 2006) and, according to IPCC 
climate projections, they may experience large 
climate changes in the coming century, making the 
identification and quantification of potential 
feedbacks from these high-latitude ecosystems 
M. Lamentowicz et al.   COMBINING SHORT-TERM AND LONG-TERM INVESTIGATIONS AT LINJE MIRE 
 
Mires and Peat, Volume 18 (2016), Article 20, 1–17, http://www.mires-and-peat.net/, ISSN 1819-754X 
© 2016 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2016.OMB.244 
 
2 
essential for future climate modelling (IPCC 2014).  
In Europe, peatlands have been significantly 
affected by peat exploitation and/or drainage for 
agriculture and forestry (Joosten & Clarke 2002, 
Chapman et al. 2003), and the preservation of the 
remaining semi-natural sites or the restoration of 
damaged peatlands is now a priority for European 
Union (EU) countries (Raeymaekers 2000). In 
addition to direct human impacts, peatlands are 
currently exposed to indirect human impacts such as 
climate change and atmospheric nitrogen deposition, 
which will affect their structure (e.g., vegetation and 
soil microbial communities) and functioning (e.g., C 
balance), and possibly invalidate previous findings 
under steady-state climate settings (Joosten & Clarke 
2002). Indeed, peatlands that are currently recovering 
from past damage (e.g., through spontaneous 
regeneration or as a result of restoration) may fail to 
recover fully (de Jong et al. 2010, Samaritani et al. 
2010). As shifts in vegetation are slow, and even the 
presence of keystone species such as Sphagnum spp. 
does not necessarily indicate the full recovery of a C-
sequestering function (Francez 2000), other 
bioindicators such as testate amoebae (Protists) are 
being considered as early indicators of ecosystem 
dynamics and functioning (Buttler et al. 1996, Davis 
& Wilkinson 2004, Laggoun-Défarge et al. 2008).  
Ombrotrophic peatlands, in particular, are also 
excellent archives of palaeohydrological changes 
(Charman 2007, Chambers et al. 2012, Gałka et al. 
2013). This makes them important candidates for 
reconstructing past climate changes (de Jong et al. 
2010). Reconstruction of palaeohydrology and C 
balance (e.g., by inferring gas fluxes and 
decomposition) coupled with field experiments in the 
same system is expected to provide strong constraints 
on modelling of biosphere–atmosphere feedbacks.  
Relationships between peatlands and climate are 
presently being tested experimentally in several parts 
of the world (Jassey et al. 2013, Robroek et al. 2013, 
Limpens et al. 2014, Dieleman et al. 2015a, 
Dieleman et al. 2015b). Research questions cover a 
wide range of topics, from biogeochemistry and 
microbial ecology to vegetation science. However, it 
is still unclear how peatlands respond to increased 
temperatures and droughts in a continental climate 
setting and, since continental regions account for a 
significant proportion of all northern hemisphere 
peatlands (e.g., much of Russia and North America), 
how this will affect global C cycling. These questions 
can, therefore, be considered as research priorities to 
strengthen the value of peatlands as indicators of 
past, present and future global change and to better 
understand the peatland ecosystem/biodiversity 
response to climate warming. 
The CLIMPEAT project (Linje Mire, Poland) 
operates within a network of several ongoing passive 
warming manipulation projects (e.g., PEATWARM - 
French Jura, CliMireSiber - Russian Western Siberia, 
PEATBOG - England, UK) arranged along an 
oceanic–continental climate gradient. Data from 
continental peatlands are important to fill the gap in 
a global view, and it is expected that the data will be 
extrapolated to larger scale in the future. However, it 
should be noted that each site is located in a different 
biogeographical setting and all sites are 
complementary to each other along the geographical 
transect. The CLIMPEAT project is an exceptional 
integration of experts aiming to study the responses 
of temperate peatlands to global change. We 
hypothesised that peatlands located in transitional 
climatic zones are particularly sensitive to changing 
climate. The underlying idea is to determine to what 
extent climate change will modify peatland 
functioning in central-eastern Europe. Furthermore, 
the patterns of the identified proxies are used to 
reconstruct climate changes during the past 2,000 
years. 
Much progress has been made towards 
understanding the responses of peatland ecosystems 
to global change using either field observations along 
gradients or mesocosm experiments (Francez 2000, 
Knorr et al. 2008, Granath et al. 2010, Limpens et al. 
2011, Bragazza et al. 2013, Jassey et al. 2015). 
However, no previous peatland studies have 
effectively combined palaeoecological approaches 
with in situ manipulation of temperature and water-
table change. We regard it as important to compare 
palaeoecological and field experimental results using 
the same/similar proxies like testate amoebae, 
vegetation and non-pollen palynomorphs (e.g., fungi 
and algae). The aim of this article is to present the 
idea of the experimental setup of a field experiment 
where both warming and water-table depth have been 
manipulated, and to discuss the concept of integrating 
the experiment with palaeoecology. 
 
 
LINJE EXPERIMENTAL SITE 
 
Linje Mire is located in Northern Poland, near the 
city Bydgoszcz (Figure 1) (coordinates: 53° 11' 15'' N, 
18° 18' 34'' E). The study site is located on a moraine 
plateau formed 20,000 years BP during the Poznań 
Phase of Weichselian glaciation (Niewiarowski 
1959) and lies on the border between a moraine hill 
in the western part and a sandur with a dune system 
in the eastern part (Hałas et al. 2008). The mire is 
located at 91 m a.s.l. and the depth of biogenic 
deposits  reaches  11.9 m  in  the  southern  part of the 
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Figure 1. Location of the Linje Mire experimental and palaeoecological sampling site. The sites of similar 
experiments in France (PEATWARM), England (PEATBOG) and Russia (CliMireSiber) are also indicated. 
 
 
mire (Kloss & Żurek 2005). Linje Mire is surrounded 
by mixed forest dominated by Pinus sylvestris, 
Betula pendula, Quercus robur and Picea abies, and 
is classified as a poor fen, while ombrotrophic 
vegetation is present in the centre of the mire 
(Kucharski & Kloss 2005). This site is the only 
lowland area in Poland with the glacial relict species 
Betula nana. 
The peatland is part of a protected area - the Linje 
Mire Nature Reserve. Linje Mire itself covers 5.95 ha 
of the 12.7 ha total area of the reserve (Słowińska et 
al. 2010). Since 2008, the peatland has been listed in 
the EU Natura 2000 habitat area. The mire lies in the 
contact zone between oceanic and continental air 
masses, and thus experiences transitional climate 
conditions. The mean annual air temperature of the 
area is 7.5–8.0 °C and total annual precipitation is 
500–550 mm (Hałas et al. 2008). 
Linje Mire and other mires in the area were 
drained in the past. According to historical data 
(Boińska & Boiński 2004), drainage ditches were 
established in the vicinity of the nearby villages Gzin 
and Linie during the second half of 19th century, 
causing water from Linje Mire to flow out to the 
south (Słowińska et al. 2010). Drainage was 
subsequently stopped and the peatland has been 
under protection since AD 1901, but drainage ditches 
are still visible on its surface (Boińska & Boiński 
2004). This site was chosen for the experimental 
study because the local climate and hydrology are 
well understood and the micrometeorological 
conditions and hydrology of Linje Mire have been 
monitored since AD 2006 (Słowińska et al. 2010), 
including monitoring of hydrological bioindicators 
(testate amoebae) since 2010 (Marcisz et al. 2014). 
 
 
RESEARCH CONCEPT 
 
In this research we use Linje Mire as a model 
ecosystem to assess the vulnerability of peatlands in 
northern Poland to climate change, applying a 
manipulative experiment that simulates an increase in 
temperature and drought in situ. The underlying idea 
is to determine to what extent climate warming in 
combination with drought modifies peatland 
M. Lamentowicz et al.   COMBINING SHORT-TERM AND LONG-TERM INVESTIGATIONS AT LINJE MIRE 
 
Mires and Peat, Volume 18 (2016), Article 20, 1–17, http://www.mires-and-peat.net/, ISSN 1819-754X 
© 2016 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2016.OMB.244 
 
4 
functioning in the middle of the oceanic–continental 
climate gradient. The Polish bog is a geographic link 
between other sites in Europe, which will allow 
assessment of how peatlands in different oceanic–
continental climate settings respond to climate 
change. In particular, we want to investigate how 
climate change can affect the C-sink function of 
peatland ecosystems. The general aims of the project 
are to evaluate the effects of warming and drought on 
(1) above-ground and below-ground C flux balances, 
especially via ecosystem respiration; (2) biodiversity 
and microbial activities on Sphagnum and in the peat; 
(3) the structure of plant communities and primary 
production; and (4) the dynamics of labile and 
recalcitrant organic matter (OM) in the peat. 
Among the approaches used, some are entirely 
new for this part of Europe. In contrast to previous 
projects, in this experiment we manipulate not only 
temperature but also water-table level. Thus, we 
simulate long-lasting heatwaves. The experimental 
heating system "Open-Top Chambers" (OTCs), 
based on a standardised ITEX protocol (Shaver et al. 
2000), is used for the first time in a Polish peatland 
ecosystem (Figure 2). This enables comparison with 
similar experiments elsewhere, in particular in 
France (PEATWARM project), England 
(PEATBOG project) and Russia (CliMireSiber 
project) (Figure 1). A novel aspect of our research is 
the combination of several complementary 
disciplines, including palaeoecology, to obtain an 
optimal view of the complex ecosystem processes in 
relation to global change. We benefit not only from 
the foreign study sites but also from one in northern 
Poland (Rzecin mire, WETMAN project) where 
carbon sequestration is currently being monitored. 
 
 
EXPERIMENT 
 
The CLIMPEAT field design is an idea that came 
from a long-established cooperation between Polish 
and Swiss partners. The design is partly based on the 
former field experiment PEATWARM that took 
place in the French Jura Mountains (Jassey et al. 
2013). An important added value of this study is that, 
together with warming (OTC), hydrological 
manipulation has been applied. This was achieved by 
modification of the peatland microtopography to 
artificially create microhabitats such as hollows and 
hummocks on 1 m2 plots. We selected 28 plots within 
the bog with homogeneous plant species 
assemblages, with a good balance (50 % vascular 
plants versus 50 % mosses) between Sphagnum 
mosses and vascular plants,  and  comparable  water- 
 
 
 
 
Figure 2. Linje Mire experimental site with open-top chambers passive heating system (photo Jan Barabach). 
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table depths. Three water-table manipulations 
(Figure 3B) were randomly assigned to plots and 
combined with warming (OTC), yielding six 
treatments - wet plots with and without OTC, dry 
plots with and without OTC, and intermediate control 
plots with and without OTC (Figure 4). In addition, 
intact control plots with and without OTC were 
installed as in the other projects PEATWARM, 
PEATBOG and CliMireSiber. For each wet plot, we 
cut and removed four peat blocks of 50×50×30 cm, 
then excavated a further 10 cm of peat and replaced 
the peat blocks in the same order but in a 10 cm lower 
position. The excavated peat from wet plots was then 
added to dry plots, following the same procedure 
except that the peat blocks were raised by 10 cm. In 
intermediate control plots, the four peat blocks were 
cut and replaced immediately in their original 
positions to enable the effect of cutting to be 
disentangled from that of water-table manipulation 
when compared to the control plots on intact (uncut) 
surfaces. All cut plots (1 m2) were bordered with a 
plastic sheet of 15 cm height, in order to maintain the 
structure  of  the  moss  carpet.  The  control  plots  on
intact (uncut) surfaces served also for the comparison 
across experiments, for example with PEATWARM, 
where OTC (only) has been used without cutting the 
peat for water-table manipulation. 
Each plot was equipped with air temperature and 
humidity sensors above the vegetation canopy 
(HOBO U23 pro v2 with external data logger, Onset 
Computer Corporation, USA), a soil temperature and 
moisture sensor (Decagon 5TM connected to a 
Campbell central data logger), and four of them with 
a leaf wetness sensor (Decagon Devices) (Figure 4C). 
Figure 5 shows an example of the warming effect of 
OTC at the Linje site; which varied with the season 
and solar radiation. On 05 May 2013, when the 
strongest warming effect was observed, the 
difference between OTC and ambient (CTL) plots 
reached 4.1 °C during daytime. However, a cooling 
effect of OTC was also observed in the late afternoon 
and at night. Air humidity responded to air 
temperature, and vapour pressure deficit was much 
higher in the OTC plots than in the control plots 
during daytime. A set of radiation sensors was also 
attached  to  the  meteorological  data  logger.  These 
 
 
 
 
Figure 3. Experimental plot with descriptions of: (A) within-plot space subdivision for the various 
measurements and sampling; (B) water level manipulation treatments; and (C) environmental monitoring 
within each plot. 
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Figure 4. Plan of the experimental site with plots and treatments (OTCs and water-level manipulation): wet–
OTC, wet-control, dry-OTC, dry-control, intermediate-control-OTC, intermediate-control, intact-OTC, 
intact-control. 
 
 
 
Figure 5. Daily course of averaged air temperature and vapour pressure deficit (VPD) 30 cm above the mire 
surface in OTCs and CTLs plots on 05 May 2013 – exemplary day with the strongest OTC effect. 
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sensors were installed at a height of ~ 1.5 m above the 
surface. Three pairs of sensors were applied to 
estimate both incoming and outgoing radiation within 
different spectral ranges. The following radiation 
types are measured: longwave radiation (spectral 
range 4.5–40 µm; IR02 pyrgeometer; Hukseflux 
Thermal Sensors, Delft, the Netherlands), shortwave 
radiation (spectral range 0.285–3.0 µm; LP02 
pyranometer; Hukseflux Thermal Sensors, Delft, the 
Netherlands), and photosynthetic photon flux density 
(spectral range 0.410–0.655 µm; SQ-110 quantum 
sensor; Apogee Instruments, Logan, USA). The 
values collected can be used to calculate the radiation 
balance, as the basis for peatland active surface heat 
balance studies (Runkle et al. 2014) and the 
broadband normalised difference vegetation index 
(Huemmrich et al. 1999), which is the spectral 
parameter for estimation of the physiological status 
of vegetation (Chojnicki 2013). 
Air temperature and humidity were measured at a 
height of 30 cm to capture the microclimate of the 
whole plot. In the centre of each plot a pipe was 
inserted down to 100 cm depth for water 
hydrochemistry analyses and for manual readings of 
water-table depth. The micrometeorological 
monitoring network that has been in place on Linje 
Mire since 2006 supports the experiment. Therefore, 
we have a good understanding of how sensitive the 
peatland is to micrometeorological variables 
(Słowińska et al. 2013). 
Each of the experimental plots comprised four 
sub-plots (the four cut monoliths) devoted to 
different measurements (Figure 3A). One sub-plot 
was used for vegetation surveys following Buttler et 
al. (2015), which involved point-intercept frequency 
measurements with a pin at 400 points using a frame 
of 40×40cm (Figure 6), as well as for photographic 
analyses of the same 40×40 cm surface for frequency 
measurement on the computer screen, Sphagnum 
increment (cranked wire method) and other non-
destructive plant growth measurements. Another sub-
plot was used for gas exchange measurements using 
an infrared analyser (EGM-4, PP System) with a 
collar of 15 cm diameter inserted into the soil to 
10 cm depth. Sampling points for microbes (both 
biomass and activity) were spread across three of the 
sub-plots (excluding the sub-plot used for vegetation 
survey) and marked permanently with small sticks. 
At each of these points, Sphagnum fallax was 
sampled and fixed in 20 ml of glutaraldehyde (2.5 % 
 
 
 
 
Figure 6. Point-intercept vegetation study - fieldwork (photo Thomasz Horla, summer 2013). 
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final concentration). The biomass of various 
microbial groups (bacteria, fungi, cyanobacteria, 
protists, micrometazoans) living in the Sphagnum 
moss was quantified according to (Gilbert et al. 
1998), in order to determine the response of the 
structure of microbial communities to climate 
change. Microbial enzymatic activity was assessed 
according to (Jassey et al. 2011); enzymes associated 
with both easily degradable (hydrolases) and 
recalcitrant (oxidases) compounds were quantified. 
Connected to microbial activity and community 
structure, the rate of decomposition of various litter 
mixtures was studied by means of litter bags which 
were inserted along the trenches separating the four 
cut monoliths. 
The boardwalk design is illustrated in Figure 7. 
This construction was considered to be very 
important in preventing any trampling of the field site 
during the measurement and maintenance works. The 
open deck of the boardwalk was positioned 70 cm 
above the peatland surface. Poles were made of oak, 
while pine wood was used for other parts. This 
construction is expected to last for at least ten years. 
The CLIMPEAT field experimental design, 
including the palaeoecological approach, was applied 
similarly at the Mukhrino peatland in Western 
Siberia (Figure 8). A group of researchers from 
France, Switzerland and Poland set up the same 
experiment during expeditions in 2012 and 2013 
within the INTERACT EU project (http://www.eu-
interact.org), and the site was subsequently equipped 
with the OTCs and sensors. Comparisons between 
the Linje and Mukhrino sites will provide an 
interesting view at continental scale of the climate 
impact on peatland ecosystems. 
 
 
PALAEOECOLOGY 
 
Knowledge of the history of any ecosystem is 
important for the appropriate understanding of its 
present state (Willis et al. 2010). Palaeoecology is 
able to reveal the historical perspective of past 
disturbance to an ecosystem that is under 
experimental study (Chambers et al. 1999). Indeed, 
long-term ecological studies provide important 
information on the dynamics of peatlands, past 
disturbance, and ecosystem resilience (Turetsky & 
Louis 2006, Lavoie & Pellerin 2007, Turner & 
Swindles 2012, Ireland et al. 2014). 
 
 
 
 
Figure 7. Design of the boardwalk at Linje Mire. 
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Figure 8. Mukhrino Mire experimental site. The Linje Mire (Poland) experimental design was applied at 
this peatland in Western Siberia (Russia) in 2013 (photo Alexandre Buttler). 
 
 
Linje is an exceptional case study in that it 
integrates the plot-scale experimental approach 
(four years) and site-scale environmental monitoring 
(eleven years) (Słowińska et al. 2010) with a high-
resolution multi-proxy palaeoecological investigation 
(past 2,000 years). It often happens that, despite 
being included (as a work package/task) in 
interdisciplinary projects, palaeoecology is finally 
neglected in projects that focus on manipulative field 
experiments. Despite the fact that integration of 
ecology and palaeoecology is mentioned in several 
publications (Rull 2010, Willis et al. 2010, Willis & 
Bhagwat 2010, Rull & Vegas-Vilarrubia 2011, Rull 
2014, Cole et al. 2015), such approaches are rare, 
especially in the case of peatland ecosystems 
(Chambers et al. 2007a, Chambers et al. 2007b, 
Chambers et al. 2013, Gałka et al. 2016, McCarroll 
et al. 2016). However, linking long-term temporal 
scales with short-timescale processes is especially 
inspirational in terms of prompting novel research 
questions  (Fukami & Wardle 2005, Sutherland et al. 
2013, Seddon et al. 2014,) relating to the complex 
responses of peatlands to global warming, human 
impact and fire activity (Marcisz et al. 2016). 
In the CLIMPEAT project, the palaeoecological 
work package provided an important temporal 
perspective on past disturbance of the peatland Linje 
Mire (Marcisz et al. 2015) where it appears that 
Sphagnum cover has been transformed, mainly 
through drainage ca. 100 years ago (Figure 9A). The 
CliMireSiber site located in Western Siberia also 
changed its path of development ca. 100 years ago 
(Lamentowicz et al. 2015) (Figure 9B); however, this 
was most probably a natural shift connected with 
climate change or the development of bog 
microforms. Indeed, the two sites possess contrasting 
development histories with different levels of direct 
(Linje) and indirect (Mukhrino) disturbance. Linje 
has experienced increasing anthropic disturbance 
since the Middle Ages, when landscape openness was 
increasing through deforestation. At a later stage, 
Linje was also affected by eutrophication resulting 
from the development of agriculture and industry in 
the surroundings. In conjunction with the industrial 
dust deposition, Linje was drained and peat was 
extracted from its northern part. Thus, the 
CLIMPEAT experiment is taking place in a 
secondary succession (with Sphagnum fallax as the 
dominant moss species) towards recovery from 
anthropic disturbances (Figure 9A). The Mukhrino 
site in Siberia appears to be pristine in terms of direct 
human impact on hydrology and vegetation, 
experiencing its first human impacts through 
atmospheric dust input only during the last century 
(Fiałkiewicz-Kozieł et al. under review). Thus, its 
development  was   mainly   driven   by   climatic  and 
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Figure 9. (A) Plant macrofossils analysis from Linje Mire. Four stages of peatland development are marked, 
from the moderately wet and pristine (domination of Sphagnum magellanicum) to hydrologically unstable 
modern peatland (domination of Sphagnum fallax) (modified from Marcisz et al. 2015). (B) Plant 
macrofossils analysis from Mukhrino mire. Three stages of peatland development are marked, from wet 
(domination of Sphagnum cf. Balticum) to moderately wet modern peatland (domination of Sphagnum 
fuscum) (modified from Lamentowicz et al. 2015). 
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autogenic processes and, therefore, the experiment is 
taking place in almost-pristine conditions 
(Figure 9B). Despite these contextual differences, 
both experiments operate in real life, reflecting 
conditions that are typical for peatlands under long-
term significant (Linje Mire) and short-term 
insignificant (Mukhrino Mire) human impact. 
Ecosystems in pristine (or close to pristine) condition 
can respond differently to experimental 
manipulations than systems that have been under 
anthropic influence/stress for hundreds of years. 
However, the effects of the intensity of past human 
impact on the results of manipulative experiments in 
peatlands have not been well studied and need more 
attention in the future. 
 
 
DISCUSSION: COMBINING LONG-TERM 
WITH SHORT-TERM STUDIES 
 
Descriptive ecological datasets (calibration/training 
datasets) are often applied to fossil data to obtain 
quantitative estimates of past environmental changes 
in peatland and lake ecosystems (Booth et al. 2008, 
Rees et al. 2008, Horsák 2011). Calibration datasets 
are collected along different gradients in space to 
infer past changes, such as trophic status and water 
quality (Bennion et al. 2001, Roe et al. 2010, 
Patterson et al. 2012), temperature (Lotter et al. 1999, 
Brooks 2006, Finsinger et al. 2007) or hydrological 
status (Charman et al. 2010, Väliranta et al. 2012, 
Nevalainen et al. 2013, Swindles et al. 2014, Van 
Bellen et al. 2014). In reality, present-day analogue 
communities are sought out and related to the fossil 
communities, in order to reconstruct past 
environmental variables quantitatively (Juggins & 
Birks 2012). Most of the studies providing such 
calibration datasets are purely observational using 
“natural experiments” (altitudinal or latitudinal 
gradients) to explore palaeoecological changes 
(Seppä et al. 2004). However, building a robust 
calibration dataset is very often challenging (Heiri et 
al. 2011). Experimental approaches under controlled 
conditions are an appropriate way to build and test 
such datasets and can become a reliable basis for 
calibration and for considering various climatic 
scenarios. Ultimately, the model of peatland response 
to climate/land-use changes can be based on long-
term studies covering, for example, the last 10,000 
years. Perspectives of past changes can be used for 
the projection of impact of future climate change 
and/or to find reference conditions for restoration 
activities in nature protection. 
Quantitative hydrological reconstructions from 
peatlands are usually based on testate amoebae 
space-for-time substitution (Charman 1997, Booth 
2007, Payne et al. 2008, Roe et al. 2010, Swindles et 
al. 2014). Most of the calibration datasets were 
sampled from wide areas of Eurasia and North 
America, now also partly from Patagonia (Booth 
2002, Van Bellen et al. 2014, Lamentowicz et al. 
2015, Amesbury et al. 2016). Most transfer functions 
are based on environmental variables (e.g., water 
table) measured only once in the field. Long-term 
estimation of the water table or hydrochemistry is 
usually not available for a calibration dataset. In this 
situation, manipulative experiments can provide a 
basis for building and testing a calibration dataset. 
However, such strongly integrated designs do not 
exist, despite an important need to test proxies and 
long-term responses of peatland ecosystem to various 
disturbances. 
The need for integration of ecology and 
palaeoecology has been mentioned in various 
publications (Rull 2014, Seddon et al. 2014). 
However, there is still a need for better integration of 
the two disciplines, as they are methodologically very 
close and, therefore, they allow a beneficial flow of 
ideas and concepts (Figure 10). Development of basic 
ecological concepts and the application of these 
concepts to environmental problems can be more 
effective when conducted in a complementary 
manner (Fukami & Wardle 2005). Monitoring and 
purely observational ecological studies are placed 
somewhere between experimental and 
palaeoecological studies, and they fairly complete the 
understanding of ecosystem dynamics. Overall, both 
long-term palaeoecological approaches and short-
term experimental approaches provide important 
tools for nature conservation and management, 
especially in the context of global change. 
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Figure 10. A concept for linking palaeoecological and experimental approaches. The diagram shows an 
increasing complexity of the palaeoecological information/record from one proxy to multiple proxies, 
paralleled by an increasing complexity in experiments on population to communities. As the number of 
dimensions of datasets increases, the complexity of models based on transfer functions also increases. 
 
 
REFERENCES 
 
Amesbury, M.J., Swindles, G.T., Bobrov, A., 
Charman, D.J., Lamentowicz, M., Mallon, G., 
Mazei, Y., Mitchell, E.A.D., Payne, R.J., Roland, 
T.P., T. Turner, E. & Warner B.G. (2016) 
Development of a new pan-European testate 
amoeba transfer function for reconstructing 
peatland palaeohydrology. Quaternary Science 
Reviews (in press). 
Belyea, L.R. & Malmer, N. (2004) Carbon 
sequestration in peatland: patterns and 
mechanisms of response to climate change. 
Global Change Biology, 10(7), 1043–1051. 
Bennion, H., Appleby, P.G. & Phillips, G.L. (2001) 
Reconstructing nutrient histories in the Norfolk 
Broads, UK: implications for the role of diatom–
total phosphorus transfer functions in shallow 
lake management. Journal of Paleolimnology, 
26(2), 181–204. 
Boińska, U. & Boiński, M. (2004) Plan ochrony 
rezerwatu Linje (Conservation Plan for Linje 
Nature Reserve). Developed at the request of the 
Kujawsko-Pomeranian Governor, Toruń, 57 pp. 
plus illustrations (in Polish). Online at: http:// 
nocek.rdos-bydgoszcz.pl/download/natura2k/ 
dokumentacja/Dok_PO_RP/Linje/PO_Linje.pdf, 
accessed 22 Sep 2016. 
Booth, R.K. (2002) Testate amoebae as 
paleoindicators of surface-moisture changes on 
Michigan peatlands: modern ecology and 
hydrological calibration. Journal of 
Paleolimnology, 28, 329–348. 
Booth, R.K. (2007) Testate amoebae as proxies for 
mean annual water-table depth in Sphagnum-
dominated peatlands of North America. Journal 
of Quaternary Science, 23, 43–57.  
Booth, R.K., Sullivan, M.E. & Sousa, V.A. (2008) 
Ecology of testate amoebae in a North Carolina 
pocosin and their potential use as environmental 
and paleoenvironmental indicators. Ecoscience, 
15(2), 277–289, doi:10.2980/15-2-3111. 
Bragazza, L., Buttler, A., Siegenthaler, A. & 
Mitchell, E.A.D. (2009) Plant litter 
decomposition and nutrient release in peatlands. 
In: Baird, A.J., Belyea, L.R., Comas, X., Reeve, 
A.S. & Slater, L.D. (eds.) Carbon Cycling in 
Northern Peatlands, Geophysical Monograph 
184, American Geophysical Union, Washington 
DC, 99–110. 
Bragazza, L., Parisod, J., Buttler, A. & Bardgett, R.D. 
(2013) Biogeochemical plant–soil microbe 
feedback in response to climate warming in 
peatlands. Nature Climate Change, 3(3), 273–
277, doi:10.1038/nclimate1781. 
Brooks, S.J. (2006) Fossil midges (Diptera: 
Chironomidae) as palaeoclimatic indicators for 
the Eurasian region. Quaternary Science Reviews, 
25, 1894–1910.  
Buttler, A., Robroek, B.J.M., Laggoun-Defarge, F., 
M. Lamentowicz et al.   COMBINING SHORT-TERM AND LONG-TERM INVESTIGATIONS AT LINJE MIRE 
 
Mires and Peat, Volume 18 (2016), Article 20, 1–17, http://www.mires-and-peat.net/, ISSN 1819-754X 
© 2016 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2016.OMB.244 
 
13 
Jassey, V.E.J., Pochelon, C., Bernard, G., 
Delarue, F., Gogo, S., Mariotte, P., Mitchell, 
E.A.D. & Bragazza, L. (2015) Experimental 
warming interacts with soil moisture to 
discriminate plant responses in an ombrotrophic 
peatland. Journal of Vegetation Science, 26(5), 
964–974, doi:10.1111/jvs.12296. 
Buttler, A., Warner, B.G., Grosvernier, P. & 
Matthey, Y. (1996) Vertical patterns of testate 
amoebae (Protozoa: Rhizopoda) and peat forming 
vegetation on cutover bogs in the Jura, 
Switzerland. New Phytologist, 134, 371–382. 
Chambers, F.M., Booth, R.K., De Vleeschouwer, F., 
Lamentowicz, M., Le Roux, G., Mauquoy, D., 
Nichols, J.E. & van Geel, B. (2012) Development 
and refinement of proxy–climate indicators from 
peats. Quaternary International, 268, 21–33, 
doi:10.1016/j.quaint.2011.04.039. 
Chambers, F.M., Cloutman, E.W., Daniell, J.R.G., 
Mauquoy, D. & Jones, P.S. (2013) Long-term 
ecological study (palaeoecology) to chronicle 
habitat degradation and inform conservation 
ecology: an exemplar from the Brecon Beacons, 
South Wales. Biodiversity and Conservation, 
22(3), 719–736, doi:10.1007/s10531-013-0441-4. 
Chambers, F.M., Mauquoy, D., Cloutman, E.W., 
Daniell, J.R.G. & Jones, P.S. (2007a) Recent 
vegetation history of Drygarn Fawr (Elenydd 
SSSI), Cambrian Mountains, Wales: implications 
for conservation management of degraded blanket 
mires. Biodiversity and Conservation, 16, 2821–
2846. 
Chambers, F.M., Mauquoy, D., Gent, A., Pearson, F., 
Daniell, J.R.G. & Jones, P.S. (2007b) 
Palaeoecology of degraded blanket mire in South 
Wales: data to inform conservation management. 
Biological Conservation, 137, 197–209. 
Chambers, F.M., Mauquoy, D. & Todd, P.A. (1999) 
Recent rise to dominance of Molinia caerulea in 
environmentally sensitive areas: new perspectives 
from palaeoecological data. Journal of Applied 
Ecology, 36(5), 719–733, doi:10.1046/j.1365-
2664.1999.00435.x. 
Chapman, S., Buttler, A., Francez, A.-J., Laggoun-
Défarge, F., Vasander, H., Schloter, M., Combe, 
J., Grosvernier, P., Harms, H., Epron, D., Gilbert, 
D. & Mitchell, E.A.D. (2003) Exploitation of 
northern peatlands and biodiversity maintenance: 
a conflict between economy and ecology. 
Frontiers in Ecology and the Environment, 1(10), 
525–532. 
Charman, D.J. (1997) Modelling hydrological 
relationships of testate amoebae (Protozoa : 
Rhizopoda) on New Zealand peatlands. Journal of 
the Royal Society of New Zealand, 27(4), 465–
483. 
Charman, D.J. (2007) Summer water deficit 
variability controls on peatland water-table 
changes: implications for Holocene palaeoclimate 
reconstructions. The Holocene, 17(2), 217–227. 
Charman, D.J., Gehrels, W.R., Manning, C. & 
Sharma, C. (2010) Reconstruction of recent sea-
level change using testate amoebae. Quaternary 
Research, 73(2), 208–219. 
Chojnicki, B. (2013) Spectral estimation of wetland 
carbon dioxide exchange. International 
Agrophysics, 27, 1–5, doi:10.2478/v10247-012-
0061-3. 
Cole, L.E.S., Bhagwat, S.A., Willis, K.J. & Gibson, 
D. (2015) Long-term disturbance dynamics and 
resilience of tropical peat swamp forests. Journal 
of Ecology, 103(1), 16–30, doi:10.1111/1365-
2745.12329 
Davidson, E.A., Janssens, I.A. & Lou, Y. (2006) On 
the variability of respiration in terrestrial 
ecosystems: Moving beyond Q10. Global Change 
Biology, 12(2), 154–164. 
Davis, S.R. & Wilkinson, D.M. (2004) The 
conservation management value of testate 
amoebae as ‘restoration’ indicators: speculations 
based on two damaged raised mires in northwest 
England. The Holocene, 14(1), 135–143. 
de Jong, R., Blaauw, M., Chambers, F.M., 
Christensen, T.R., De Vleeschouwer, F., 
Finsinger, W., Fronzek, S., Johansson, M., 
Kokfelt, U., Lamentowicz, M., LeRoux, G., 
Mitchell, E.A.D., Mauquoy, D., Nichols, J.E., 
Samaritani, E. & van Geel, B. (2010) Climate and 
peatlands. In: Dodson, J. (ed.) Changing 
Climates, Earth Systems and Society, 
International Year of Planet Earth Series, 
Springer, Heidelberg, 85–121. 
Dieleman, C.M., Branfireun, B.A., McLaughlin, J.W. 
& Lindo, Z. (2015a) Climate change drives a shift 
in peatland ecosystem plant community: 
implications for ecosystem function and stability. 
Global Change Biology, 21(1), 388–395, 
doi:10.1111/gcb.12643. 
Dieleman, C.M., Branfireun, B.A., McLaughlin, J.W. 
& Lindo, Z. (2015b) Enhanced carbon release 
under future climate conditions in a peatland 
mesocosm experiment: the role of phenolic 
compounds. Plant and Soil, 400(1–2), 81–91, 
doi:10.1007/s11104-015-2713-0. 
Finsinger, W., Heiri, O., Valsecchi, V., Tinner, W. & 
Lotter, A.F. (2007) Modern pollen assemblages as 
climate indicators in southern Europe. Global 
Ecology and Biogeography, 16(5), 567–582. 
Francez, A.-J. (2000) Carbon dynamics in mires, 
from Sphagnum to greenhouse effect. L’Année 
M. Lamentowicz et al.   COMBINING SHORT-TERM AND LONG-TERM INVESTIGATIONS AT LINJE MIRE 
 
Mires and Peat, Volume 18 (2016), Article 20, 1–17, http://www.mires-and-peat.net/, ISSN 1819-754X 
© 2016 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2016.OMB.244 
 
14 
Biologique, 39, 205–270. 
Frolking, S. & Roulet, N.T. (2007) Holocene 
radiative forcing impact of northern peatland 
carbon accumulation and methane emissions. 
Global Change Biology, 13(5), 1079–1088, 
doi:10.1111/j.1365-2486.2007.01339.x. 
Fukami, T. & Wardle, D.A. (2005) Long-term 
ecological dynamics: reciprocal insights from 
natural and anthropogenic gradients. Proceedings 
of the Royal Society B: Biological Sciences, 
272(1577), 2105–2115, doi:10.1098/rspb.2005. 
3277. 
Gałka, M., Miotk-Szpiganowicz, G., Goslar, T., 
Jęśko, M., van der Knaap, W.O. & Lamentowicz, 
M. (2013) Palaeohydrology, fires and vegetation 
succession in the southern Baltic during the last 
7500 years reconstructed from a raised bog based 
on multi-proxy data. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 370, 209–
221, doi:http://dx.doi.org/10.1016/j.palaeo.2012. 
12.011. 
Gałka, M., Tobolski, K., Górska, A. & Lamentowicz, 
M. (2016) Resilience of plant and testate amoeba 
communities after climatic and anthropogenic 
disturbances in a Baltic bog in Northern Poland: 
implications for ecological restoration. The 
Holocene, doi:10.1177/0959683616652704. 
Gavazov, K., Hagedorn, F., Buttler, A., Siegwolf, R. 
& Bragazza, L. (2015) Environmental drivers of 
carbon and nitrogen isotopic signatures in 
peatland vascular plants along an altitude 
gradient. Oecologia, 180, 257–264. 
Gilbert, D., Amblard, C., Bourdier, G. & Francez, A.-
J. (1998) The microbial loop at the surface of a 
peatland: Structure, function, and impact of 
nutrient input. Microbial Ecology, 35(1), 83–93.  
Gorham, E. (1991) Northern peatlands: role in the 
carbon cycle and probable responses to climatic 
warming. Ecological Applications, 1, 182–195.  
Granath, G., Strengbom, J. & Rydin, H. (2010) Rapid 
ecosystem shifts in peatlands: Linking plant 
physiology and succession. Ecology, 91(10), 
3047–3056. 
Hałas, S., Słowiński, M. & Lamentowicz, M. (2008) 
Relacje między czynnikami meteorologicznymi i 
hydrologią małego torfowiska mszarnego na 
Pomorzu (The relationship between 
meteorological factors and hydrology of a small 
bog in Pomerania). Studia Limnologica et 
Telmatologica, 2(1), 15–26 (in Polish). 
Heiri, O., Brooks, S.J., Birks, H.J.B. & Lotter, A.F. 
(2011) A 274-lake calibration data-set and 
inference model for chironomid-based summer air 
temperature reconstruction in Europe. Quaternary 
Science Reviews, 30(23–24), 3445–3456, 
doi:10.1016/j.quascirev.2011.09.006. 
Horsák, M. (2011) Mollusc assemblages in 
palaeoecological reconstructions: An 
investigation of their predictive power using 
transfer function models. Boreas, 40(3), 459–467. 
Huemmrich, K.F., Black, T.A., Jarvis, P.G., 
McCaughey, J.H. & Hall, F.G. (1999) High 
temporal resolution NDVI phenology from 
micrometeorological radiation sensors. Journal of 
Geophysical Research - Atmospheres, 104(D22), 
27935–27944, doi:10.1029/1999jd900164. 
IPCC (2014) Climate Change 2014: Synthesis 
Report. Contribution of Working Groups I, II and 
III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change 
[Core Writing Team, R.K. Pachauri and L.A. 
Meyer (eds.)], IPCC, Geneva, Switzerland, 
151 pp. 
Ireland, A., Clifford, M. & Booth, R. (2014) 
Widespread dust deposition on North American 
peatlands coincident with European land-
clearance. Vegetation History and 
Archaeobotany, 1–8, doi:10.1007/s00334-014-
0466-y. 
Jassey, V.E., Chiapusio, G., Binet, P., Buttler, A., 
Laggoun-Defarge, F., Delarue, F., Bernard, N., 
Mitchell, E.A., Toussaint, M.L., Francez, A.J. & 
Gilbert, D. (2013) Above- and belowground 
linkages in Sphagnum peatland: climate warming 
affects plant–microbial interactions. Global 
Change Biology, 19(3), 811–823, 
doi:10.1111/gcb.12075. 
Jassey, V.E.J., Chiapusio, G., Gilbert, D., Buttler, A., 
Toussaint, M.-L. & Binet, P. (2011) Experimental 
climate effect on seasonal variability of 
polyphenol/phenoloxidase interplay along a 
narrow fen-bog ecological gradient in Sphagnum 
fallax. Global Change Biology, 17(9), 2945–
2957, doi:10.1111/j.1365-2486.2011.02437.x. 
Jassey, V.E.J., Signarbieux, C., Hättenschwiler, S., 
Bragazza, L., Buttler, A., Delarue, F., Fournier, 
B., Gilbert, D., Laggoun-Défarge, F., Lara, E., 
Mills, R.T.E., Mitchell, E.A.D., Payne, R.J. & 
Robroek, B.J.M. (2015) An unexpected role for 
mixotrophs in the response of peatland carbon 
cycling to climate warming. Scientific Reports, 5, 
16931, doi:10.1038/srep16931. 
Joosten, H. & Clarke, D. (2002) Wise Use of Mires 
and Peatlands - Background and Principles 
Including a Framework for Decision-making. 
International Mire Conservation Group and 
International Peat Society, NHBS, Totnes, 
304 pp. 
Juggins, S. & Birks, J. (2012) Quantitative 
environmental reconstructions from biological 
M. Lamentowicz et al.   COMBINING SHORT-TERM AND LONG-TERM INVESTIGATIONS AT LINJE MIRE 
 
Mires and Peat, Volume 18 (2016), Article 20, 1–17, http://www.mires-and-peat.net/, ISSN 1819-754X 
© 2016 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2016.OMB.244 
 
15 
data. In: Birks, H.J.B., Lotter, A.F., Juggins, S. & 
Smol, J.P. (eds.) Tracking Environmental Change 
Using Lake Sediments Volume 5: Developments 
In Paleoenvironmental Research, Springer, The 
Netherlands, 431–494. 
Katz, N.J. (1975) Bagna kuli ziemskiej (Peatlands of 
the Earth). PWN, Warsaw, 476 pp. (in Polish). 
Kloss, M. & Żurek, S. (2005) Geology of raised mire 
deposits. Monographiae Botanicae, 94, 65–80.  
Knorr, K.H., Oosterwoud, M.R. & Blodau, C. (2008) 
Experimental drought alters rates of soil 
respiration and methanogenesis but not carbon 
exchange in soil of a temperate fen. Soil Biology 
and Biochemistry, 40(7), 1781–1791. 
Kucharski, L. & Kloss, M. (2005) Contemporary 
vegetation of selected raised mires and its 
preservation. Monographiae Botanicae, 94, 37–
64. 
Laggoun-Défarge, F., Mitchell, E.A.D., Gilbert, D., 
Disnar, J.-R., Comont, L., Warner, B. & Buttler, 
A. (2008) Cutover peatland regeneration 
assessment using organic matter and microbial 
indicators (bacteria and testate amoebae). Journal 
of Applied Ecology, 45, 716–727, doi: 
10.1111/j.1365-2664.2007.01436.x. 
Lamentowicz, M., Słowiński, M., Marcisz, K., 
Zielińska, M., Kaliszan, K., Lapshina, E., Gilbert, 
D., Buttler, A., Fiałkiewicz-Kozieł, B., Jassey, 
V.E.J., Laggoun-Défarge, F. & Kołaczek, P. 
(2015) Hydrological dynamics and fire history of 
the last 1300 years in western Siberia 
reconstructed from a high-resolution, 
ombrotrophic peat archive. Quaternary Research, 
84(3), 312–325, doi:10.1016/j.yqres.2015.09.002. 
Lavoie, C. & Pellerin, S. (2007) Fires in temperate 
peatlands (southern Quebec): Past and recent 
trends. Canadian Journal of Botany, 85(3), 263–
272.  
Limpens, J., Granath, G., Gunnarsson, U., Aerts, R., 
Bayley, S., Bragazza, L., Bubier, J., Buttler, A., 
van den Berg, L.J., Francez, A.J., Gerdol, R., 
Grosvernier, P., Heijmans, M.M., Hoosbeek, 
M.R., Hotes, S., Ilomets, M., Leith, I., Mitchell, 
E.A.D., Moore, T., Nilsson, M.B., Nordbakken, 
J.-F., Rochefort, L., Rydin, H., Sheppard, L.J., 
Thormann, M., Wiedermann, M.M., Williams, 
B.L. & Xu, B. (2011) Climatic modifiers of the 
response to nitrogen deposition in peat-forming 
Sphagnum mosses: a meta-analysis. New 
Phytologist, 191(2), 496–507, doi:10.1111/j.1469-
8137.2011.03680.x. 
Limpens, J., Holmgren, M., Jacobs, C.M., Van der 
Zee, S.E., Karofeld, E. & Berendse, F. (2014) 
How does tree density affect water loss of 
peatlands? A mesocosm experiment. PLoS ONE, 
9(3), e91748, doi:10.1371/journal.pone.0091748. 
Lotter, A.F., Walker, I.R., Brooks, S.J. & Hofmann, 
W. (1999) An intercontinental comparison of 
chironomid palaeotemperature inference models: 
Europe vs North America. Quaternary Science 
Reviews, 18(6), 717–735. 
Marcisz, K., Colombaroli, D., Jassey, V.E.J., Tinner, 
W., Kołaczek, P., Gałka, M., Karpińska-
Kołaczek, M., Słowiński, M. & Lamentowicz, M. 
(2016) A novel testate amoebae trait-based 
approach to infer environmental disturbance in 
Sphagnum peatlands. Scientific Reports, 6, 33907, 
doi:10.1038/srep33907. 
Marcisz, K., Lamentowicz, Ł., Słowińska, S., 
Słowiński, M., Muszak, W. & Lamentowicz, M. 
(2014) Seasonal changes in Sphagnum peatland 
testate amoeba communities along a hydrological 
gradient. European Journal of Protistology, 
50(5), 445–455, doi:10.1016/j.ejop.2014.07.001. 
Marcisz, K., Tinner, W., Colombaroli, D., Kołaczek, 
P., Słowiński, M., Fiałkiewicz-Kozieł, B., Łokas, 
E. & Lamentowicz, M. (2015) Long-term 
hydrological dynamics and fire history during the 
last 2000 years in CE Europe reconstructed from 
a high-resolution peat archive. Quaternary 
Science Reviews, 112, 138–152. 
McCarroll, J., Chambers, F.M., Webb, J.C. & Thom, 
T. (2016) Informing innovative peatland 
conservation in light of palaeoecological evidence 
for the demise of Sphagnum imbricatum: the case 
of Oxenhope Moor, Yorkshire, UK. Mires and 
Peat, 18(08), 1–24. 
Nevalainen, L., Helama, S. & Luoto, T.P. (2013) 
Hydroclimatic variations over the last millennium 
in eastern Finland disentangled by fossil 
Cladocera. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 378, 13–21, doi:10.1016/j.palaeo. 
2013.03.016. 
Niewiarowski, W. (1959) Formy polodowcowe i 
typy deglacjacji na Wysoczyźnie Chełmińskiej 
(Postglacial forms and types of deglaciation on 
Chełmińska morainic plateau). Studia Societatis 
Scientiarum Torunensis: Geographia et 
Geologia, 4(1), 1–17 (in Polish). 
Patterson, R.T., Roe, H.M. & Swindles, G.T. (2012) 
Development of an Arcellacea (testate lobose 
amoebae) based transfer function for sedimentary 
phosphorus in lakes. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 348–349, 32–
44. 
Payne, R.J., Charman, D.J., Matthews, S. & 
Eastwood, W.J. (2008) Testate amoebae as 
palaeohydrological proxies in Surmene Agacbasi 
Yaylasi peatland (Northeast Turkey). Wetlands, 
28(2), 311–323. 
M. Lamentowicz et al.   COMBINING SHORT-TERM AND LONG-TERM INVESTIGATIONS AT LINJE MIRE 
 
Mires and Peat, Volume 18 (2016), Article 20, 1–17, http://www.mires-and-peat.net/, ISSN 1819-754X 
© 2016 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2016.OMB.244 
 
16 
Raeymaekers, G. (2000) Conserving Mires in the 
European Union. Ecosystems Ltd., Luxembourg, 
90 pp. Online at: http://ec.europa.eu/environment/ 
life/publications/lifepublications/lifefocus/docum
ents/conserving_mires.pdf, accessed 10 Sep 2016. 
Rees, A.B.H., Cwynar, L.C. & Cranston, P.S. (2008) 
Midges (Chironomidae, Ceratopogonidae, 
Chaoboridae) as a temperature proxy: A training 
set from Tasmania, Australia. Journal of 
Paleolimnology, 40(4), 1159–1178. 
Robroek, B.J.M., Heijboer, A., Jassey, V.E.J., 
Hefting, M.M., Rouwenhorst, T.G., Buttler, A. & 
Bragazza, L. (2013) Snow cover manipulation 
effects on microbial community structure and soil 
chemistry in a mountain bog. Plant and Soil, 
369(1), 151–164. 
Roe, H.M., Patterson, R.T. & Swindles, G.T. (2010) 
Controls on the contemporary distribution of lake 
thecamoebians (testate amoebae) within the 
Greater Toronto Area and their potential as water 
quality indicators. Journal of Paleolimnology, 43, 
955–975. 
Rull, V. (2010) Ecology and palaeoecology: two 
approaches, one objective. The Open Ecology 
Journal, 3, 1–5. 
Rull, V. (2014) Time continuum and true long-term 
ecology: from theory to practice. Frontiers in 
Ecology and Evolution, 17, doi:10.3389/fevo. 
2014.00075. 
Rull, V. & Vegas-Vilarrubia, T. (2011) What is long-
term in ecology? Trends in Ecology & Evolution, 
26(1), 3–4. 
Runkle, B.R.K., Wille, C., Gazovic, M., Wilmking, 
M. & Kutzbach, L. (2014) The surface energy 
balance and its drivers in a boreal peatland fen of 
northwestern Russia. Journal of Hydrology, 511, 
359–373. 
Rydin, H. & Jeglum, J. (2006) The Biology of 
Peatlands. Oxford University Press, 354 pp. 
Samaritani, E., Siegenthaler, A., Yli-Petäys, M., 
Buttler, A., Christin, P.-A. & Mitchell, E.A.D. 
(2010) Seasonal net ecosystem carbon exchange 
of a regenerating cutover bog in the Swiss Jura 
Mountains. Restoration Ecology, 19(4), 480–489, 
doi:10.1111/j.1526-100X.2010.00662.x. 
Seddon, A.W.R., Mackay, A.W., Baker, A.G., Birks, 
H.J.B., Breman, E., Buck, C.E., Ellis, E.C., Froyd, 
C.A., Gill, J.L., Gillson, L., Johnson, E.A., Jones, 
V.J., Juggins, S., Macias-Fauria, M., Mills, K., 
Morris, J.L., Nogues-Bravo, D., Punyasena, S.W., 
Roland, T.P., Tanentzap, A.J., Willis, K.J., 
Aberhan, M., van Asperen, E.N., Austin, W.E.N., 
Battarbee, R.W., Bhagwat, S., Belanger, C.L., 
Bennett, K.D., Birks, H.H., Ramsey, C.B., 
Brooks, S.J., de Bruyn, M., Butler, P.G., 
Chambers, F.M., Clarke, S.J., Davies, A.L., 
Dearing, J.A., Ezard, T.H.G., Feurdean, A., 
Flower, R.J., Gell, P., Hausmann, S., Hogan, E.J., 
Hopkins, M.J., Jeffers, E.S., Korhola, A.A., 
Marchant, R., Kiefer, T., Lamentowicz, M., 
Larocque-Tobler, I., Lopez-Merino, L., Liow, 
L.H., McGowan, S., Miller, J.H., Montoya, E., 
Morton, O., Nogue, S., Onoufriou, C., Boush, 
L.P., Rodriguez-Sanchez, F., Rose, N.L., Sayer, 
C.D., Shaw, H.E., Payne, R., Simpson, G., Sohar, 
K., Whitehouse, N.J., Williams, J.W. & 
Witkowski, A. (2014) Looking forward through 
the past: identification of 50 priority research 
questions in palaeoecology. Journal of Ecology, 
102(1), 256–267, doi:10.1111/1365-2745.12195. 
Seppä, H., Birks, H.J.B., Odland, A., Poska, A. & 
Veski, S. (2004) A modern pollen-climate 
calibration set from northern Europe: developing 
and testing a tool for palaeoclimatological 
reconstructions. Journal of Biogeography, 31(2), 
251–267. 
Shaver, G.R., Canadell, J., Chapin, F.S.III, 
Gurevitch, J., Harte, J., Henry, G., Ineson, P., 
Jonasson, S., Melillo, J., Pitelka, L. & Rustad, L. 
(2000) Global warming and terrestrial 
ecosystems: A conceptual framework for 
analysis. BioScience, 50(10), 871–882. 
Słowińska, S., Słowiński, M. & Lamentowicz, M. 
(2010) Relationships between local climate and 
hydrology in Sphagnum mire: Implications for 
palaeohydrological studies and ecosystem 
management. Polish Journal of Environmental 
Studies, 19(4), 779–787. 
Słowińska, S., Słowiński, M., Lamentowicz, M., 
Lamentowicz, Ł., Marcisz, K., Mitchell, E.A.D. 
& Neumann, M. (2013) Microclimate and 
hydrology of a Sphagnum mire. Geophysical 
Research Abstracts, 15, 1 p. 
Sutherland, W.J., Freckleton, R.P., Godfray, H.C.J., 
Beissinger, S.R., Benton, T., Cameron, D.D., 
Carmel, Y., Coomes, D.A., Coulson, T., 
Emmerson, M.C., Hails, R.S., Hays, G.C., 
Hodgson, D.J., Hutchings, M.J., Johnson, D., 
Jones, J.P.G., Keeling, M.J., Kokko, H., Kunin, 
W.E., Lambin, X., Lewis, O.T., Malhi, Y., 
Mieszkowska, N., Milner-Gulland, E.J., Norris, 
K., Phillimore, A.B., Purves, D.W., Reid, J.M., 
Reuman, D.C., Thompson, K., Travis, J.M.J., 
Turnbull, L.A., Wardle, D.A. & Wiegand, T. 
(2013) Identification of 100 fundamental 
ecological questions. Journal of Ecology, 101(1), 
58–67, doi:10.1111/1365-2745.12025. 
Swindles, G.T., Reczuga, M., Lamentowicz, M., 
Raby, C.L., Turner, T.E., Charman, D.J., Gallego-
Sala, A., Valderrama, E., Williams, C., Draper, F., 
M. Lamentowicz et al.   COMBINING SHORT-TERM AND LONG-TERM INVESTIGATIONS AT LINJE MIRE 
 
Mires and Peat, Volume 18 (2016), Article 20, 1–17, http://www.mires-and-peat.net/, ISSN 1819-754X 
© 2016 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2016.OMB.244 
 
17 
Honorio Coronado, E.N., Roucoux, K.H., Baker, 
T. & Mullan, D.J. (2014) Ecology of testate 
amoebae in an Amazonian peatland and 
development of a transfer function for 
palaeohydrological reconstruction. Microbial 
Ecology, 68(2), 284–298, doi:10.1007/s00248-
014-0378-5. 
Turetsky, M.R., Benscoter, B., Page, S., Rein, G., van 
der Werf, G.R. & Watts, A. (2015) Global 
vulnerability of peatlands to fire and carbon loss. 
Nature Geoscience, 8(1), 11–14, doi:10.1038/ 
ngeo2325. 
Turetsky, M.R. & Louis, V.L.S. (2006) Disturbance 
in boreal peatlands. In: Wieder, R.K. & Vitt, D.H. 
(eds.) Boreal Peatland Ecosystems, Springer, 
Berlin Heidelberg, 359–380. 
Turner, T.E. & Swindles, G.T. (2012) Ecology of 
testate amoebae in moorland with a complex fire 
history: implications for ecosystem monitoring 
and sustainable land management. Protist, 163(6), 
844–855, doi:10.1016/j.protis.2012.02.001. 
Turunen, J., Tomppo, E., Tolonen, K. & Reinikainen, 
A. (2002) Estimating carbon accumulation rates 
of undrained mires in Finland - application to 
boreal and subarctic regions. The Holocene, 
12(1), 69–80.  
Väliranta, M., Blundell, A., Charman, D.J., Karofeld, 
E., Korhola, A., Sillasoo, Ü. & Tuittila, E.S. 
(2012) Reconstructing peatland water tables using 
transfer functions for plant macrofossils and 
testate amoebae: A methodological comparison. 
Quaternary International, 268, 34–43, 
doi:10.1016/j.quaint.2011.05.024. 
Van Bellen, S., Mauquoy, D., Payne, R.J., Roland, 
T.P., Daley, T.J., Hughes, P.D.M., Loader, N.J., 
Street-Perrott, F.A., Rice, E.M. & Pancotto, V.A. 
(2014) Testate amoebae as a proxy for 
reconstructing Holocene water table dynamics in 
southern Patagonian peat bogs. Journal of 
Quaternary Science, 29(5), 463–474, 
doi:10.1002/jqs.2719. 
Vasander, H. & Kettunen, A. (2006) Carbon in boreal 
peatlands. In: Wieder, R.K. & Vitt, D.H. (eds.) 
Boreal Peatland Ecosystems, Springer, Berlin 
Heidelberg, 165–194. 
Wang, H., Richardson, C.J. & Ho, M. (2015) Dual 
controls on carbon loss during drought 
in peatlands. Nature Climate Change, 5(6), 584–
587, doi:10.1038/nclimate2643. 
Willis, K.J., Bailey, R.M., Bhagwat, S.A. & Birks, 
H.J.B. (2010) Biodiversity baselines, thresholds 
and resilience: Testing predictions and 
assumptions using palaeoecological data. Trends 
in Ecology and Evolution, 25(10), 583–591. 
Willis, K.J. & Bhagwat, S.A. (2010) Questions of 
importance to the conservation of biological 
diversity: answers from the past. Climate of the 
Past, 6(6), 759–769, doi:10.5194/cp-6-759-2010. 
Yu, Z. (2006) Modeling ecosystem processes and 
peat accumulation in boreal peatlands. In: Wieder, 
R.K. & Vitt, D.H. (eds.) Boreal Peatland 
Ecosystems, Springer, Berlin Heidelberg, 313–
330. 
 
Submitted 21 Jun 2016, revision 05 Sep 2016 
Editor: Olivia Bragg 
_______________________________________________________________________________________ 
 
Author for correspondence: 
Professor Mariusz Lamentowicz, Laboratory of Wetland Ecology and Monitoring, Faculty of Geographical 
and Geological Sciences, Adam Mickiewicz University, Dzięgielowa 27, PL–61 680 Poznań, Poland. 
Telephone: +48618296212;   E-mail: mariuszl@amu.edu.pl 
